After 1 hor, exogenous deoxyribonlei acid was degraded within a culture medim at 25 C (pH 6) co ti protots of Daucus careots L. var. sativa Low te eature nc ton (1 C) or the additi of 45 m1-molar sodm citrate to the medim eliminated DNase activity for at least 4.5 hours. Tis DNase actiity was not reduced at pH 7 or 9, nor by addition of 200 mimlar adenosine 5T-triphosphate.
Techniques were deveIoped to ensure hb protoplast platag efficiencies and high regenerative capabies after low temperature treatment and the addition of sodim citrate to the medium. Results ndicated citrate concentratons to 45 mm and 1 C te rtures revealed lttle or no effect on protoplast regeneration capaces Protoplast viabilty was 90 to 95% at the time of platig as deteried by phenosafranin stainig and an estimated 50 to 60% of these undergo cell division in the sold agar meum.
Although genetic transformation with bacteria is a well documented phenomenon (4), demonstration ofgenetic transformation in eucaryotic organisms has been limited to fungi (12) , algae (17) , and cultured animal cells (10) . There have been reports of DNA uptake and subsequent genetic transformation in higher plants (6, 7) . However, due to the irreproducibility of the results or the methods used to ascertain DNA uptake and expression, reported DNA transformation in higher plants or plant cell cultures now appears controversial (8) .
The action of exogenous nuclease on foreign DNA added to cultured plant cells or protoplasts presents a major problem in the uptake of undegraded transforming DNA. This problem was first delineated by Bendich and Filner (3) were grown in liquid suspension in the medium described previously (20) were treated with I mg/ml lysozyme for 1 hr at 37 C. SDS was added to a final concentration of 1% and the mixture was incubated at 60 C for 10 min. Nuclease-free pronase (Sigma) (2 mg/ml) was added and the incubation continued for an additional hr at 37 C. CsCl (Harshaw Chemical) was added to a refractive index of 1.400 and then centrifuged to equilibrium at 218,000g, 21 hr, in a Spinco type 65 rotor. The viscous DNA fraction was collected, diluted 1:5 with 1 x SSC (0.15 M NaCl, 0.015 M Na-citrate, pH 7) and centrifuged at 300,000g, 12 hr, 5 C in a Spinco SW 50.1 rotor.
The DNA pellet was resuspended in 0.1 x SSC, and the A260/A590 was between 1.8 and 2.
Protoplast Isolation. One g fresh weight of mid-log phase suspension cultured D. carota cells was harvested by centrifugation (75g, 4 min) and resuspended in 20 ml of a solution consisting of 4% Cellulysin (Calbiochem), 2% Macerase (Calbiochem), and 0.4 M sorbitol (pH 6). The cells were incubated at 30 C with gentle shaking in a 250-ml flask for 3.5 to 4 hr. Complete cell wall removal was indicated by complete cell lysis upon addition of SDS to a representative sample (5 (16) was used for electrophoretic analysis of DNA samples where 50- ,ul samples were mixed with 10 ,ul of 50%o glycerol-0.05% bromo-phenol blue and were applied to 0.7% agarose gels (20 cm x 6 mm). Electrophoresis buffer contained 10. 1 hr in PCM having these modifications. After this time the amount of radioactivity associated with the sedimented protoplasts, the DNA pellet obtained from the medium, and the supernatant of the DNA pellet was determined. As seen in Table I , a small percentage of recovered radioactivity was associated with the pelleted protoplasts at each ofthe buffer modifications. The nature of this association is unknown. In each instance the majority of the recovered radioactivity is with the DNA pellet centrifuged from the incubation medium. Untreated B. subtilis DNA can be totally recovered in the pellet following centrifugation from solution under the conditions described. However, as evidenced by radioactivity remaining in the DNA supernatant, DNA incubation with the protoplasts at 25 C in PCM at pH values of 6, 7, and 9 gave an indication of possible degradation. It appeared that the DNA was significantly degraded to small mol wt fragments (<106 daltons) that would not pellet under these centrifugation condi- Table I Association of B. subtilis 3H-DNA with D. carota protoplasts Z radioactivity % radioactivity X radioactivity % radioactivity [3HJDNA (I jg/ml; 24,000 cpm/jLg DNA) was incubated with carrot protoplasts (3 x 106 cells/ml) for I hr and extracted from the medium.
[3H]DNA gel migration profile after incubation in: (A) PCM pH 6, 25 C without protoplasts; (B) PCM pH 6, 25 C; (C) PCM pH 7, 25 C; (D) PCM pH 9, 25 C; (E) PCM pH 6, 1 C; (F) PCM pH 7, 45 mm Na-citrate, 25 C; (G) PCM pH 7, 45 mm Na-citrate, I C. bromophenol blue dye front.
The pelleted [3HJDNA from each of the modified buffer conditions listed in Table I was electrophoresed through agarose and the resultant profiles are seen in Figure 1 . As indicated by the data in Table I and the agarose gel profiles of Figure 1 , the DNase activity is active in PCM at pH values 6, 7, and 9 ( Fig. 1, B , C, and D). Comparison of these gel profiles to the gel profile of untreated B. subtilis DNA (Fig. lA) indicates considerable DNA degradation as evidenced by the skewing of these profiles toward the bottom two-thirds of these gels. Only a very small fraction of the DNA shown by these profiles remains near the original mol wt of the added DNA. In contrast, the DNA migration profiles of DNA exposed to the protoplasts at 1 C (Fig. IE) , with 45 mm Nacitrate (Fig. IF) , and at 1 C with 45 mM Na-citrate show little or no skewing. This is also consistent with the data in Table I in which exogenous DNase activity appears to be inhibited by 45 mm Na-citrate and I C temperatures.
With the indication that nuclease activity could be inhibited at a relatively short time interval at low DNA concentrations, conditions were modified to test more precisely the extent of DNase activity under the different buffer conditions examined above. Since the conditions for DNA uptake are unknown, the probability of DNA association and uptake by protoplasts should be enhanced through longer incubation times at higher DNA concentrations. Accordingly, the DNA concentration was adjusted to 20 cubation and reisolation of the bacterial DNA was repeated as discussed in the previous section. The effect of 1 C temperatures (PCM pH 6) on inhibiting nuclease activity for 1-hr and 4.5-hr incubation times is seen in Figure 2 , A and A'. The migration pattern is unchanged between the 1-and 4.5-hr time periods with little or no DNA degradation seen. This is in sharp contrast to the DNA banding pattern of Figure 2 , B and B' in which the PCM (pH 6) was held at 25 C.
After I hr ofincubation a skewing ofthe DNA peak is pronounced (Fig. 2B) As noted previously, higher pH values had little effect on nuclease inhibition (Fig. 2, C, C', and D, D' ). The DNA in PCM buffer at pH 7 and pH 9 shows again the degradation at the 1-hr level although not as pronounced as in Figure 1 , C and D with the lower DNA concentration. However, after 4.5 hr the DNA is extensively fragmented to a size smaller than 2 x 106 daltons when compared to the XDNA EcoRl restriction pattern.
The use of Na-citrate as a divalent metal cation chelator to inhibit nuclease action was tested at 15, 30, and 45 mm concentrations in PCM at pH 7 at both 1 and 25 C (Fig. 3) . The DNA profiles remained unchanged from 1 hr to 4.5 hr for 30 mm and 45 mm concentrations of citrate at 1 C which indicates very little or no DNA degradation under these conditions. A slight amount of DNA degradation is seen at the 15 mm citrate concentration at 4.5 hr (3A'). However, at 25 C, the 15 mm citrate concentration is not enough to inhibit the nuclease activity as seen in Figure 3 , D and D'. A slight skew in the DNA profile is seen at 1 hr and is further magnified after the 4.5-hr incubation. The DNA, however, appears to be well protected at the 1-hr interval at 30 mm and 45 mM citrate concentration as noted by the sharp profiles seen in Figure  3 , E and F. There is a slight skewing of these profiles after 4.5 hr indicating that some nuclease activity still remains (Fig. 3 , E' and F').
Oleson (13) 
DISCUSSION
The results of this study indicate that exogenous DNase activity can be inhibited without affecting the viability or the regenerative capabilities of carrot protoplasts. Exogenous DNase activity has been described previously (3, 14) but no effort has been successful in eliminating this activity. This nuclease activity may account in part for the lack of reproducible DNA transformation in plant cell systems. Sarkar et al. (15) found that inhibition of RNase activity by pH modification increased infection of tobacco mesophyll protoplasts by tobacco mosaic virus RNA greater than 1,000-fold.
Elimination of DNase activity without affecting protoplast or cell viability presents a problem not encountered with RNase inhibition. RNase activity has been effectively eliminated by the use of certain nucleoside triphosphates (2), heparin (1), and rat liver enzyme (1) . DNase elimination is not as specific. Polycations such as poly(L-ornithine) and poly(L-lysine) have been used to protect both DNA and RNA by forming a complex with the nucleic acid. These polycations are also toxic to the cell, presumably by cell membrane perturbation. DNase activity is most commonly inhibited by divalent cation chelators such as EDTA or Na-citrate. We find that EDTA is extremely toxic to plant cell protoplasts at concentrations needed to inhibit exogenous DNase activity.
Using agarose gel electrophoresis to monitor the effects of DNA degradation, it was found that 1 C temperatures and 45 mm Nacitrate effectively inhibited DNase activity. Higher pH levels or the addition of ATP did not prevent DNA degradation in our system. Both the low temperature incubation and Na-citrate addition had no effect on protoplast viability. At time periods of up to 4.5 hr, 90 to 95% of the carrot protoplasts remained viable as determined by phenosafranin staining and 50 to 60% of the viable protoplasts regenerated cell walls and underwent cell division on solid agar as seen through colony formation. This plating technique also offers the advantage that individual protoplasts can be cloned, therefore giving an accurate frequency of potential DNA transformation.
